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FINAL REPORT
Cachectin/Tumor Necrosis Factor and the Pituitary-Adrenal Axis
ONR Contract No. N00014-88-WM-24020
Brief Statement of Objectives:

Several lines of evidence indicate that the immune system by way of
macrophage hormones can influence neuroendocrine function and vice versa
suggesting that these two systems are involved in a complete regulatory feedback
loop. The purpose of our research studies was to determine whether the monokine
TNF can alter pituitary ACTH and adrenal corticosterone release in vivo and in
vitro and further to determine whether these neuroendocrine hormones can alter
TNF release from macrophages in culture.

Specific Research Objectives:

1. Determine what effect Tumor Necrosis Factor (TNF) has on ACTH and
corticosterone secretion in vivo in unanesthetized rats.

2. Determine what effect TNF has on the basal and stimulated release of ACTH
and corticosterone from cultured pituitary and adrenal cells, respectively.

3. Determine whether ACTH and/or glucocorticoids (corticosterone,
dexamethasone) can alter endotoxin-induced TNF release from cultured
macrophages.

Research Resulgs:

The first year of this project was devoted to the in vivo studies (Research
Objective #1), as well as, a part of the in vitro studies involving cultured
adrenal cells (Research Objective #2). Based on our observations of TNF's
actions on adrenal cells, we also explored the effects of TNF on cultured human
thyroid cells, specifically, the effects of TNF on TSH-induced thyroglobulin and
CAMP production.

The second year of this project was largely devoted to the in vitro studies
involving cultured macrophages (Research Objective #3). In addition to studying
the effects of ACTH, corticostercone and dexamethasone on LPS-induced TNF release,
we sought to determine whether these effects were altered when the macrophages
were cultured with media (HL-1, Ventrex Corp) which was devoid of fetal calf
serum.

We report here the results of our studies which are both interesting and
new. In addtion, results from these studies have provided possible insights into
how the immune system by way of macrophage-derived peptides may regulate
endocrine function, and conversely, how pituitary-adrenal hormones ativated
during infection or stress may act to regulate the release of TNF and thus
modulate immune function.

1. Effects of recombinant human TNF-alpha on plasma levels of ACTH and
corticosterone in the unanesthetized rat. (Figure 1 and 2)

TNF at doses of 0.01, 0.03 and 0.10 mg/kg was injected as a bolus into
unanesthetized rats. Within 15 minutes of TNF injection, plasma ACTH levels were




maximal and not statistically different between the various doses of TNF
administered. Thus, it appears that TNF induces a maximal ACTH response at 0.01
mg/kg which is not further elevated even with a ten-fold greater TNF dose (0.10
mg/kg). Although this dose of TNF did not produce significant changes in
hemodynamics (data noct shown) and was not associated with mortality, it appears
to be a potent dose for neuroendocrine stimulation.

As expected, plasma corticosterone levels were elevated following TNF
injection. This rise in plasma corticosterone is most likely ACTH-mediated,
however, it is unknown from these in vivo studies alone whether TNF has direct
effects on the adrenal gland to stimulate corticostercone release apart from or
in addition to ACTH. Our in vitro experiments have attempted to answer some of
these questions.

2. Effects of recombinant human TNF-alpha on basal and stimulated
corticosterone release from cultured adrenal cells. (Table 1)

TNF: alone at all doses tested (100, 300, 1000 ug/ml) had no efrect on
baseline corticosterone release from cultured adrenal cells. However, TNF
clearly inhibited ACTH stimulated corticosterone secretion. This inhibition was
reproducible and consistent and is seen at concentrations of TNF similar to that
reported in patients with sepsis and «with AIDS. There was no difference in cell
number or viability following TNF application with or without ACTH present,
indicating that the inhibitory effects of TNF are not due to cytotoxicity. This
finding represents a significant and new interaction between the immune and
endocrine systems:.

3. Effects of recombinant human TNF-alpha on basal and stimulated
thyroglobul.n and cyclic AMP release from cultured thyroid cells (Tables

2 and 3).

Based on our observation of TNF's inhibitory actions on adrenal cells, we
explored the effects of recombinant human TNF on human thyroid cells. TNF
inhibited TSH stimulated thyroglobulin secretion from cultured thyroid cells in
a dose-dependent manner. 1In all experiments, TSH exposure resulted in a brisk
increase in cAMP production. However, even at the highest concentration, TNF
had no effect on TSH stimulated cAMP production. This suggests that TNF's
inhibition of TSH-stimulated thyroglobulin secretion is not mediated through
cAMP.

4. Effects of ACTH on LPS-induced TNF release from cultured macrophages (Table
4 and Figure 3 & 4).

LPS (E. coli K235) at doses of 1,10 and 100 ug x 1074 induced a biphasic
dose-response effect on TNF release from macrophages cultured in the presence
of Fetal Calf Serum (FCS) (Table 4). Maximal TNF release was elicited by the
10 ug x 10'4 LPS dose, and this LPS dose was subsequently used to assess the
effects of ACTH on stimulated TNF release from macrophages.

In the presence of FCS, ACTH appeared to 1inhibit LPS-stimulated TNF
release (Table 4, Figure 3). However, judging from the 95% confidence interval
associated with each mean value, there was no statistical difference between
treatment groups. Since each value represents the mean of just 4-6 experiments,
data from more experiments may show statistical significance between treatment
groups.




Interestingly, macrophages cultured in HL-1 media (100x Concentrate;
Ventrex Labs, Inc., Portland, ME) instead of FCS and challenged with LPS,
exhibited a more linear dose-response in TNF release (Table 4). The biphasic
response to LPS was not seen in macrophages cultured with HL-1.

In contrast to the observed effects of ACTH on macrophages cultured with
FCS, in the presence of HL-1, ACTH appeared to potentiate LPS-stimulated TNF
release (Figure 4). Because of the small sample size, statistical significance
was not achieved, however, the trends in both treatment groups appear to be quite
different suggesting that factors present in FCS may influence LPS-indiuced TNF
release and its modulation by peptides.

5. Effects of Corticosterone on LPS-induced TNF release from cultured
macrophages (Table 5)

As expected, corticosterone inhibited LPS-induced TNF release in a dose-~
related manner. Corticeostevon~'~ inhibitory effect appeared Lu we also present
in the absence of FCS, however, owing to the small sample size this inhibitory
effect was not statistically proven. The dose-response curve for corticosterone
appeared to be shifted to the right in HL-1 cultured macrophages as compared to
those cultured with 2% FCS.

6. Effects of Dexamethasone on LPS-induced TNF release from cultured
macrophages (Table 6 and Figures 5 & 6)

Dexamethasone also inhibited LPS-stimulated TNF reliease from cultured
macrophages, however, dexamethasone appeared to be a more potent TNF inhibitor
than corticosterone when compared at the same molar concentrations (Tables 5 &
6). Dexamethasone's inhibitory effects were also present in the [IL-1 cultured
macrophages, however, the dose-response curve like that of corticosterone
appeared to be shifted to the right in the presence of HL-1.

Summary and Conclusions

Results from our studies investigating immune-neurcendocrine interactions
have yielded several interesting and novel findings. In unanesthetized rats,
TNF at a dose of 0.01 mg/kg was a potent stimulus for ACTH release. A dose of
0.1 mg/kg TNF did not further elevate this maximal ACTH response. Following TNF
injection, plasma corticosterone weié. alzo elevated and most likely this release
was mediated through ACTH since T — ~as without effect on the release of
corticotserone from cultured adrenal cc.ls. At all doses tested, TNF was without
significant effect on mean arterial pressure, heart rate or pulse pressure
suggesting that TNF's effect on pituitary ACTH release was not secondary to a
cardiovascular effect. Also our results indicate that TNF exerts a more potent
effect on the pituitary-adrenal axis than on the cardiovascular system.

Interestingly, in vitro TNF inhibited ACTH-stimulated corticosterone
release. It is unknown whether this inhibition also occurs in vivo, however,
it is interesting to speculate that TNF may modulate the actions of ACTH in
addition to influencing ACTH release. Glucocorticoids are potent inhibitors of
TNF release both in vitro and in vivo and it is possible that TNF may influence
corticosterone release (via ACTH) as part of a regulatory feedback loop.

TNF was also found to be a potent inhibitor of TSH-mediated thyroglobulin
release from cultured human thyroid cells. The effects of TNF on the pituitary-
thyroid axis are largely unknown. Clinically it has been observed that TNF is




elevated during medical conditions that are associated with the "sick euthyroid
syndrome". One of the hallmarks of the "sick euthyroid syndrome"” is the apparent
suppression of thyvroid hormone release in the face of adequate TSH stimulation.
In other words, the thyroid gland‘s response to TSH is suppressed. It is
interesting to speculate based on our observations that TNF may contribute to
the thyroid gland suppression present in the "sick euthyroid syndrome" and
warrants further study.

Data from our cultured macrophage studies suggest that ACTH may act to
inhibit LPS-stimulated TNF release. If ACTH does influence macrophage secretion
of TNF, this would imply that both the pituitary gland (ACTH) and adrenal gland
(corticosterone) participate in the regulation of macrophage TNF release. This
does not exclude the possibility that extra-pituitary sources of ACTH may
likewise be involved. As expected, both corticosterone and dexamethasone
potently inhibited TNF release in response to LPS.

Our studies using HL-1, a serum-free media, provided curious and new
insights into the possible effects of serum factor(s) on LPS-induced TNF release.
The LPS dose-response curve in macrophages cultured with serum-free media was
linear and plateaued at the highest concentrations rather than being biphasic.
The dose-response curves for both corticosterone and dexamethasone were shifted
to the right compared to studics run using fetal calf serum in the tissue culture
media. Most interesting was the observation that ACTH no longer appeared to
inhibit but rather potentiated LPS-induced TNF release from macrcphages cultured
with serum-free media. These findings sugaest that factor(s) present in sera
and absent in HL-1 media may act to inhibit LPS-induced TNF release. It is
unknown whether these factor(s) interfere with LPS binding and/or uptake into
macrophages or whether they bind or restrict the activity of other modulators
of TNF release (e.g. other peptides, hormones, calcium).

Publications

Poth, M., Tseng, Y.L., Wartofsky, L. Does Cachectin mediate altered thyroid
function in systemic illness? A cell culture model. Presented at the 1989
Endccrine Society meeting.

Brennan, M.J., Betz, J.A., Poth, M. Tumor Necrosis Factor inhibits ACTH
stimulated corticosterone secretion by rat adrenal cortical cells.
Presented at the 1989 Endocrine Society meeting.

Malcolm, D.S., Poth, M. Tumor Necrosis Factor (TNF) and the pituitary-adrenal
axis: In vivo and in vitro studies. Circulatory Shock (accepted).
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TABLE 1. Effects of TNF on stimulated corticosterone release

Corticosterone secreted (ng/well)

ACTH TNF_(ug/ml) Experiment I Experiment II

0 0 14 + 2 6.4 + 1.2

30 0 41.7 + 7.8 16.9 + 5.3
100 0 77.3 + 6.2 63.0 + 2.0

30 100 2.6 + .20 8.1 + 5.3

30 300 .28 + .03

30 1000 .31 +_.02 3.6 + .20
100 100 1.21 + .17 10.9 + 1.7
100 300 3.98 + 3.0
100 1000 3.70 + 2.15 3.5+0

Numbers are means of 3 wells




TABLE 2, Effects of TNF on basal and stimulated thyroglobulin release

Experiment I Thyroqlobulin (ng/well) at 0-24 hours

TNF (pg/ml)
0 ‘100 300 1000
Without TSH 70 + 6 79 + 3 73 + 1 65 + 5
with TSH 340 + 35 212 + 25+ 171 + 17* 65 + 21+

Experiment I Thyroglobulin (ng/well) at 24-48 hours

TNF (pg/ml)
o 100 300 1000
Without TSH 114 + 33 94 + 10 79 + 8 56 + 12
with TSH 630 + 126 251 + 25% 160 + 23* 63 + 10*

Data is mean + S.D. using data from 3 wells
*Different from control (TNF=0) with p<0.01

Experiment II_ Thyroglobulin (ng/well) at 24-48 hours

TNF (pg/ml)
0 100 300 1000
Without TSH 369 + 15 334 + 5 258 + 16* 223 + 36*
With TSH - 1025 + 15 704 + 44* 285 + S1* 105 + 11*

*Data significantly different from control (TNF=0) according to ANOVA t~test
(p<0.05).



TABLE 3. Effects of TNF on TSH-induced cAMP release

cAMP (picomoles/well/2 hours)

TNF (pg/ml)
0 100 300 1000
Without TSH <0.5 <0.5 <0.5 <0.5
With TSH 5.6 5.0 4.7 5.1

Data are Mean of 3 wells.




T "¢ 4 Effects of ACTH on LPS-induced TNF release in vitro

Treatment

LPS (1 ug x 10'43
LPS (10 ug x 10'_3
LPS (100 ug x 10 7))
LPS (500 ug x 10'4&
LPS (1000 ug x 107 %)

LPS (1 ug x_107%) +
--ACTH (10 12m)
--ACTH (10~ 1%M)
--ACTH (10 8M)

LPS (10 ug x_10"%) +
--ACTH (107 12M)
--ACTH (10 1%M)
--ACTH (10 %w)

4) +

LPS (100 ug_x 10~
--ACTH (10 12m)
--ACTH (10 1Om)
--ACTH (10™8wm)

4)

LPS (1000 u? x 10~
--ACTH (10 1%m)
--ACTH (10~ 1OM)

--ACTH (107 8M)

TNF Bioactivity (U/ml)

Fetal Calf Serum*

637 (265-1533)
11790 (6641-20931)
6789 (4487-~10270)

683 (183-2548)
415 (175-982)
537 (150-1523)

9082 (4836~17052)
3866 (925-16155)
11521 (6823-19458)

* mean + 95% confidence interval
each value represents mean of 4-6 experiments

HL-1 Media*

160 (97-264)

6741 (1947-23342)
36098 (7421-175606)
81961 (34064-197205)
96279 (46583-198988)

6946 (1081-44623)
10945 (3572-33557)
16059 (3874-66570)

59874 (8656-414157)
129185 (47810-349060)
144930 (66436-316159)

42574 (2873-630961)
>163898
>163898




Effects of ACTH on LPS-induced TNF release trom macrophages

Figure 3.
cultured in the presence of fetal calf serum, (Representative
experiment)
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Figure 4. Effects of ACTH on LPS-induced TNF release from macrophages
cultured in the presence of HL-1 culture media. (Representative

experiment)
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Table S Effects of Corticosterone (CS) on LPS-induced TNF release in vitro

Treatment

LPS (1 ug x 10'41
LPS (10 ug x 107%)
LPS (100 ug x 10™%)
LPS (500 ug x 10-43
LPS (1000 ug x 107 %)

LPS (1 ug x 1074) +
--cs (10™10m)
--cs (107 8w)
--cs (10” M)

LPS (10 ug x 10°%) +
--cs (10~ 10y)
--cs (107 8m)
--cs (107°m)

LPS (100 ug x 1074y +
--cs (10~ 10y)
--cs (107 8w)
--CS (107m)

LPS (1000 ug x 107%) +
--cs (10~ 10w
--cs (1078m)
--cs (10”%M)

TNF Bioactivity (U/ml)

Fetal Calf Serum*

637 (265-1533)
11790 (6641-20931)
6789 (4487-10270)

149 (99-225)
117 (80-171)
81 (79-82)

9009 (5409~10000)
2705 (1389-5265)
356 (250-507)

*mean + 95% confidence interval
each value represents the mean of 4-6 experiments

HL-1 Medis*

160 (97-264)

6741 (1947-23342)
36098 (7421-175606)
81961 (34064-197205)
96279 (46583-198988)

14750 (1470-148004)
8417 (564-125492)
637 (102-3987)

62944 (15741-251702)
58395 (8242-413742)
13440 (1498-120571)

70404 (12991-381551)
33962 (1458-790958)
31225 (1133-860269)




Table 6 BEffects of Dexamethasone (DEX) on LPS-induced TNF release in vitro

Treatment

LPS (1 ug x 10'43
LPS (10 ug x 10~ A
LPS (100 ug x 1074)
LPS (500 ug x 10'43
LPS (1000 ug x 10~%)

LPS (1 ug x_107%4) +
--DEX (10™10m)
--DEX (10~ 8wm)
--DEX (107°M)

LPS (10 ug x 1074) +
--DEX (10~ 10m)

--DEX (107 8M)

--DEX (10™°M)

LPS (100 ug x 1074) +
--DEX (10~ 10m)

--DEX (10~ 8m)

--DEX (10~ M)

TNF Bioactivity (U/ml)

Fetal Calf Serum*

637 (26501533)
11790 (6641-20931)
6789 (4487-10270)

573 (143-2280)
98 (74-129)
<80

9009 (5239-15490)
441 (169-1150)
213 (116-389)

*represents mean + 95% confidence interval
each value represents mean of 4-6 experiments

HL-1 Media*

160 (97-264)

6741 (1947-23342)
36098 (7421-175606)
81961 (34064-197205)
96279 (46583-198988)

1194 (9-163570)
226 (28-1806)
99 (65-153)

7237 (904-57931)
1428 (217-9414)
371 (55-2500)




Figure 5. Effects of dexamethasone on LPS-induced TNF release from macrophages
cultured in the presence of fetal calf serum (Representative

experiment)
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Figure 6. Effects of dexamethasone on LPS-induced TNF release from macrophages
cultured with HL-1 media (serum free) (Representative Experiment)
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Tumor Necrosis factor (INF) is a bilologically active peptide
secreted by macrophages and monocytes. TNF secretion is stinmu-
lated by endotoxin and TNF has been implicated in the pathoge-
nesis of septic shock. To determine {f TNF has specific actions
on the adrenal gland, we studied the effects of ACTH and TNF
on the in vitro secretion of corticosterone by rat adrenal
cells. Adrenar glands from adult Sprague-Dawley rats were
harvested, digested with collagenase, and cell suspensions |
were prepared. Cell cultures were incubated for 90 minutes in
media with various concentrations of ACTH, TNF, or ACTH and
TNF in combination. The cells were then centrifuged and the

supernatants were assayed by RIA for corticosterone.

Corticosterone Secretion (pg/400,000 cells)
TNF (pg/ml)

Results:

ACTH (pg/ml) 0 100 1000
0 6.4 * 1.2 5.8 % 1.2 5.6 + .20

30 16.9 ¥ 5.3 8.1 ¥ 5.3 3.6 ¥ .20

100 63.0 % 2.0 109 ¥ 1.7 3.5 % .00

Incubation with ACTH at concentrations of 10, 30 and 100 pg/ml
produced a dose-response related stimulation of corticosterone
secretion. Incubation with TINF alone at concentrations of
100; 300, and 1000 pg/ml had no effect on corticosterone
secretion. However, when adrenal cells were incubated with
ACTH and TNF 1{n combination, corticosterone pgecretion was
significantly inhibited. TINF at 100 pg/ml dinhibited ACTH
stimulated corticosterone secretion by 75-100% (p < .001),
while TNF at 1000 pg/ml produced 100% inhibition (p < .001).
Statistical significance was determined by multiple regression
analysis. Conclusion: TNF inhibits ACTH stimulo’.fon of corti-
costerone secretion by rat adrenocortical cells. This 1s a
new, potentially clinically important interaction between the
immune and endocrine systems. Speculation: TNF may potentiate
septic shock by 4inhibiting the body’s ability to mount an
appropriste glucocorticoid response to  the stress. of sepsis.
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DOES CACHECTIN MEDIATE ALTERED THYROID FUNCTION IN SYSTEMIC
ILLNESS? A CELL CULTURE MODEL. M. Poth, Y.L. Tseng*, and L.
Wartofsky. Walter Reed Army Medical Center, Wwashington, C=C
20307 and Uniformed Services University of the Health Sciences,
Bethesda, MD 20814
Thyroidal economy in systemic non~thyroidal illness (SNTI

is marked by reductions in both central thyroid £funczioen and
peripheral T, to T3 conversion presumed to reflect 2 horceo-
static mechanism to conserve energy. ISH levels tend to be
normal in SNTI, and the mechanism underlying reduced thyroidal
secretion is unknown. Recently, Ozawa (Endocrinel 123:1461,
1988) treated mice with tumor necrosis factor (INF), as zn
animal model for SNTI, and reported diminished T3 an¢ I,
responses to ISH administration. We have eamployed a primacv
thyroid cell culture system derived from surgical specizens to
assess the effects of INF on thyroidal responses to TSH. Cells
at a density of 100,000/well were incubated with various
concentrations  (0-1000 pg/ml) of recombinant alpha-TNT
(Genentech) and bISH (1l wU/ml). Media were analyzed for cyvelic
AMP by RIA, and for thyroglobulin (Tg) by ELISA. 'INT haé nc
effect on either basal or TSH-stizulated c¢cAMP generaticon.

Tg (ng/well) secreted into media by thyroid cells
cells/well) in the presence of INF and bISH (Mean #* SEM)

(100, 00C

INF 0-24 hr 24-48 hr
{pg/ul) (=) TSH (+) TSH (=) TSH (+) TsH
0 2122 7 365 £ 56 369 £ 19 1025 = 15
100 186 + 23 266 % 57 33 %5 © 704 x 44w
300 266 + 73 144 % 23* 258 = 16* 285 + 5i%
1000 240 % 41 89 + 12% 223 + 36* 105 = 1i*

*Data significantly different from control (INF=0) accordin

to ANOVA t-test (p < 0.05).

While INF alone had no effect on Tg release at 24 hrs, TINT
blunted TSH-stimulated Tg release by 27-76%. At 48 hrs, TNF
blunted Tg release by 9-39% and TSH-stimulated Tg release by
31-902. These results are consistent with the in vivo obser-
vations of Ozawa et al. and demonstrate a cy:osizzic effect or
human thyrocytes by INF in concentrations comparable to blooc
levels in man during SNTI. Thus, increases in circulating TN?
in SNTI may be responsible for reduced thyroid funczion ir
these patients.
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TUMOR NECROSIS FACTOR (TNF) AND THE PITUITARY-ADRENAL AXIS: IN VIVO AND IN VITRO
STUDIES. Diana Malcolm and Merrily Poth*. Uniformed Services University of the Health
Sciences, Bethesda, MD 20814.

Several lines of evidence indicate that the immune system by way of macrophage
products can influence neurocendocrine function and vice versa suggesting that these
two systems are involved in a complete regulatory feedback loop. The purpose of our
studies was to determine what effect TNF has on ACTH and corticosterone (CS) release
both in vitro and in vivo, and conversely, what effect ACTH and CS have on endotoxin-
induced TNF release from cultured macrophages. Intravenous injections of low doses
of TNF (0.01-0.10 mg/kg) in unanesthetized Sprague-Dawley rats (250-300 g) resulted
in dose-related elevations in plasma ACTH and CS. In vitro, TNF (0, 0.1, 1.0 ng/ml)
inhibited ACTH-~induced CS release from cultured adrenal cells by 83% and 94%,
respectively (p<0.01). TNF alone at_these doses had no effect on _the basal secretion
of CS. Conversely, both ACTH (10~ 8M-10"12M) and cs (107®M4-10"10M) suppressed TNF
release from endotoxin (LPS)-stimulated cultured macrophages in a dose-dependent
manner. Furthermore, when macrophages were cultured in serum-free media (HL-1,
Ventrex) instead of 2% fetal calf serum, the LPS dose-response curve was shifted to
the right suggesting that factor(s) present in serum may facilitate LPS-induced TNF
release. In summary, (1) plasma ACTH and CS levels are elevated following TNF
injection, (2) TNF inhibits ACTH-stimulated CS release in vitro without affecting basal
CS secretion and (3) both ACTH and CS inhibit TNF release from cultured macrophages.
These findings represent new and significant interactions between TNF and the
pituitary-adrenal axis and further support the existence of a regulatory feedback loop
between the neuroendocrine and immune systems.
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